Background: Gradual weight reduction has been shown to be associated with improvements in liver enzymes. However, some evidence demonstrated that liver enzymes may transiently increase immediately after a diet-induced weight loss. Objectives: This study was designed to assess the effects of a hypocaloric, almond-enriched diet (AED) compared with a hypocaloric nutfree diet (NFD) on liver function tests in the context of a three-month weight reduction program in overweight/obese women.
Background
Obesity and overweight are common public health concerns worldwide (1) and carry serious health consequences, including liver disease such as nonalcoholic fatty liver disease (NAFLD) and nonalcoholic steatohepatitis (NASH) (2) . Therefore, there is a demand for an effective and safe balanced hypocaloric diet that can produce and maintain weight loss and improve comorbidities (3) . Overweight and in particular obesity are major risk factors in the pathogenesis of NAFLD; it is expected that weight loss should be therapeutic (3) . Serum aminotransferases such as aspartate aminotransferase (AST) and alanine aminotransferase (ALT), commonly referred as "liver enzymes", are by far the most accessible and cheapest paraclinical examination as an indicator of liver diseases (4) . Gradual weight reduction has been shown to be associated with improvements in liver enzymes (5) (6) (7) . However, some evidence demonstrated that liver enzymes may transiently increase immediately after a diet-induced weight loss (8, 9) . In addition, alkaline phosphatase (ALP), γ-glutamyltransferase (GGT), bilirubin, total protein and albumin are commonly measured sensitive markers of liver function (10) .
A few randomized trials have demonstrated the effect of low-calorie diet (LCD) enriched with almonds (11) , LCD enriched with pistachios or pretzels (12) and LCD enriched with peanuts (13) in a weight-loss program. This literature review aimed to report contradictory findings about the effects of nut consumption on the weight loss. A recent study designed to examine the effects of an almondenriched, hypocaloric diet in the treatment of obesity showed clinically significant and comparable weight loss (14) . However, the effect of nuts as a component of health-ful, hypocaloric diet on liver enzymes of obese people is unclear. Nuts are highly nutritious foods rich in unsaturated fatty acids, fiber, vitamins, minerals and some bioactive substances, such as phenolic antioxidants and phytosterols (15) and due to these wholesome benefits, individuals living with liver disease are usually advised to include nuts in their diet (16) . In spite of the nut benefits, many obese individuals trying to lose weight may consciously avoid consuming nuts because of their high fat and energy density (14) .
So far, the effect of almond-enriched, hypocaloric diet on liver enzymes remains unclear. Therefore, the current trial was undertaken to determine the effects of a hypocaloric, almond-enriched diet (AED) compared with a hypocaloric nut-free diet (NFD) on liver function tests in a three-month weight reduction program in overweight/ obese women.
Objectives
This study was designed to assess the effects of a hypocaloric, almond-enriched diet (AED) compared with a hypocaloric nut-free diet (NFD) on liver function tests in a three-month weight reduction program in overweight/ obese women.
Patients and Methods

Study Design and Participants
The current study was a randomized controlled trial conducted between March and September 2013 in Shiraz, Iran. Participants were recruited through public advertisements. Overweight/obese volunteer women were asked to visit Valiasr charity clinic, Shiraz, Iran. The project used a convenience sample of 152 women volunteered to participate in this study. Finally, 108 women fulfilling the inclusion criteria were selected.
A sample of 80 based on BMI was calculated to detect the predicted difference between the means of two groups with a power level of 80% and the significance level set as 0.05 if the standard deviation (SD) was 12.7 and 12.8 (11) . The calculated required sample size was 40 in each group. A sample size of 108 subjects was selected to account for the assumed attrition rate (54 in each group).
Scope and methodology were explained and a written informed consent was obtained from each woman before the enrolment. A total of 108 women had inclusion criteria. Participants were eligible for enrollment if they were premenopausal women, aged 20 to 55 years, had a body mass index (BMI; in kg/m 2 ) ≥ 25 and had light physical activity (doing household tasks, riding in a car and light activity while siting). The exclusion criteria in both groups were having a chronic diseases (e.g., cancer, renal failure, cardiovascular disease, diabetes, liver and lung failure), uncontrolled hypertension (defined as a blood pressure ≥ 180/100 mmHg), taking lipid-lowering medications or vitamin/mineral supplements, an inflammatory condition (e.g., lupus), working night shifts, pregnancy or lactation, smoking, alcohol consumption or any known allergy or sensitivity to nuts. Participants on weight control diets or any specific diets at the time and using medications known to affect body weight or a weight-loss of ≥ 5 kg in the preceding 6 months were not included. In addition, participants who did not comply with their diet, did not do their recommended walking or did not intend to continue the study were excluded.
The study protocol was in accordance with the ethical standards of the University and approved by the ethics committee of human experimentation of Shiraz university of medical sciences. This trial was registered in Iranian Registry of Clinical Trials with ID number of IRCT2013062313751N1.
Treatment Groups
Common Protocol
Participants were assigned using the balanced block randomization method (block size of four) to follow either the AED or the NFD for three months as described below.
At the beginning of treatment, all participants were instructed to follow a balanced low calorie diet, which was nutritionally adequate except for energy providing 50% -55% carbohydrate, 15% -25% protein and ≤ 30% fat (17) . Energy requirement was calculated by the Harris Benedict equation and then reduced to 1000 kcal/day. In the both groups, the same percentage of energy from macronutrients was used to design the diets (approximately 54% carbohydrates, 16% proteins and 30% fats). Participants in the both groups were counseled regarding their assigned therapeutic diet, healthy nutrition, self-monitoring and stimulus control separately and advised to maintain their usual activities and encouraged to walk with medium speed 30 minutes every day.
All participants were given a request to comply with their diets for 3 months. The diet compliance and lifestyle intervention were assessed every 15 days by phone contact. In addition, suggestions to enhance compliance were provided. Moreover, three 24-hour dietary recalls (two weekdays and one for weekend day) were collected from all participants at baseline, the end of each month and the end of study by a trained dietitian to assess participants' compliance.
Almond-enriched, Low-calorie Diet
Fifty-four participants were assigned to receive AED. Participants were provided 50 grams raw almond (~ 25 grams raw almond in each snack) to consume daily throughout the study. These participants were instructed to abstain from alternative nut consumption. Supplies of prepackaged almonds (each package contains 50 grams of almond) were distributed at their group clinic meetings monthly. The primary behavioral targets were adherence to the total energy intake goal and consumption of 50 grams almonds/d.
Nut-free, Low-calorie Diet
Fifty-four participants were assigned to receive NFD. This group was instructed to abstain from the consumption of nuts (e.g., peanuts, peanut butter, cashews, macadamia nuts, walnuts and pistachios). Instead of almond, compensatory serving from meat and fat exchange lists (like sunflower oil and corn oil) were consumed by NFD group participants.
Outcomes
To assess the effects of an AED relative to an NFD, biochemical and anthropometric variables were collected at baseline and after 3 months of the end of study. The AED and NFD women attended separate treatment groups to promote adherence to the intervention.
Anthropometric Measurements
Body weight was measured on a Seca electronic calibrated scale to the nearest 0.1 kg using the standard protocols, while the participants were wearing light clothes and without shoes at baseline and the end of study. Height was measured to the nearest 0.1 cm according to the standard protocols with a stadiometer at baseline only. Weight (kg) was then divided by the square root of height (m 2 ) for calculation of BMI. Waist and hip circumferences were measured using non-stretch tape without pressure to body surfaces and recorded to the nearest 0.1 cm. Waist circumference (WC) was measured midway between the last rib and the ileac crest. Waist to hip ratio (WHR) was calculated by dividing waist circumference to the hip circumference.
Laboratory Investigations
The participants of each group were recruited for a blood sample collection on separate days. A volume of 10 mL venous blood samples were taken after 12 hours of overnight fasting at baseline and after the intervention period. To eliminate day-to-day laboratory variances, all samples from a given individual were labeled by code and analyzed in the same batch. The details of plasma separation were described previously (18) . Blood sample analysis included ALT, AST, GGT, total cholesterol (TC), triglyceride (TG), high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C) and fasting blood sugar (FBS). All lipid profiles and FBS were measured by a photometric method (Autoanalyzer BT 1500, Blotecnica Instruments, Italy). AST, ALT and GGT levels were determined based on enzyme-linked immunosorbent assay method by auto-analyzer. ALP activity was determined with ALP assay kit (Parsazmun, Tehran, Iran) using p-nitrophenyl phosphate as substrate and alkaline phosphatase provided in the kit as standard. Moreover, to eliminate the effect of freeze-thawing of samples that may lower enzyme activity values, ALT, AST, ALP and GGT testing was conducted on samples immediately transferred to the laboratory. Total protein, albumin and bilirubin blood tests were performed by routine laboratory methods.
Statistical Analyses
Analysis was performed using IBM SPSS statistical software (version 19, IBM Company, Armonk, NY, USA). Numerical variables were expressed as mean ± standard deviation (SD). Kolmogorov-Smirnov test was used to test the normality of variable distribution. The variables with non-normal distribution were transformed to natural logarithm (Ln) values. The between-group comparisons for baseline characteristics and their changes after three months of intervention were performed by independent sample t-test. Within-group comparisons of the measurements before and after the study in each group were performed with paired t-test. All reported P values were two tailed and those < 0.05 were considered statistically significant in all statistical tests.
Results
A total of 100 participants completed the trial. Eight participants were lost to follow-up (four women from each group). During the study, in the AED group, one woman due to pregnancy and three participants for personal reasons did not continue the study. Two women in the NFD group did not follow the planned diet and excluded. However, two women due to their personal reasons did not continue the study. Finally, 50 participants in each group completed the intervention. Equal numbers of lost to follow-up in the both groups made them comparable regarding this variable. No adverse effects were reported by participants. Patient screening, enrollment and retention by treatment groups are shown in Figure 1 .
Participants' baseline characteristics are summarized in Table 1 . Mean ± SD of age at randomization were 42.36 ± 4.30 and 42.94 ± 6.82 for AED and NFD groups, respectively; there was no significant difference between age of the groups (P = 0.686). At baseline, there were no significant differences in anthropometric factors, demographic characteristics and nutritional status between the AED and NFD groups. At baseline, there were no significant differences in all the measured variables between the two groups except for FBS.
AED was associated with greater reduction in BMI (4.9 vs. 1.7%, P = 0.018), WC (11.6 vs. 3.5%, P < 0.001) and WHR (11.1 vs. 1.0%, P = 0.018) in comparison with NFD.
Liver function tests of participants at baseline and the end of study are shown in Table 2 . At baseline, there were no significant differences in all the measured liver function variables between the two groups. After intervention, ALT, AST, GGT, ALP, albumin and total protein, decreased significantly in the both groups. In the current study, total bilirubin levels were not altered by both hypocaloric diets. Table 3 provides the effects of two hypocaloric diet on liver function tests. In the AED group, greater significant reduction in ALT, AST and GGT were found than the NFD group after 3 months (P < 0.001). However, ALP, total protein, albumin and bilirubin decreased in both groups over time and insignificant differences were found between the two groups after 3 months. Abbreviations: AED, almond-enriched diet; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; FBS, fasting blood sugar; GGT, γ-glutamyltransferase; HC, hip circumference; HDL-C, high-density lipoprotein; LDL-C, low-density lipoprotein cholesterol; NFD, nut-free diet; TC, total cholesterol; TG, triglyceride; WC, waist circumference; WHR; waist hip ratio. a All data are presented as mean ± SD and n = 50. b P values were resulted from independent sample t-test. c Unit of data is mg/dL. Abbreviations: AED, almond-enriched diet; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, γ-glutamyltransferase; NFD, nut-free diet. a All data are presented as mean ± SD and n = 50. b P values were resulted from paired t-test. Abbreviations: AED, almond-enriched diet; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; GGT, γ-glutamyltransferase; NFD, nut-free diet. a All data are presented as mean ± SD and n = 50. b P values were resulted from independent sample t-test.
Discussion
This study aimed to determine the effects of hypocaloric AED compared to hypocaloric NFD on liver function tests. To date no reports exist in the literature about the effect of hypocaloric AED on liver function tests in the context of a three-month weight reduction program in overweight/obese women. This study showed that hypocaloric AED significantly decreased ALT, AST and GGT in overweight/obese women.
Although some researches showed the impact of weight loss on improving liver enzymes (6), some studies reported no such effects (8, 9, 19, 20) . Therefore, findings regarding the effects of weight loss on liver enzymes are inconsistent. In the current study, significant declines in weight, BMI, WC, ALT, AST and GGT were observed in the AED group compared with the NFD group. However, no difference in ALP, total protein, albumin and total bilirubin was found between the study groups.
The present findings seem to be consistent with previous researches, which found that a hypocaloric, almond-enriched diet led to greater reduction in weight, BMI and WC (11, 21) . This study results were in accordance with the findings of most previous investigations in this field, supporting that weight loss through lifestyle modification, medication or bariatric surgery is associated with a decrease in liver enzymes (6, 7, (22) (23) (24) (25) (26) . In contrast, a study by Gasteyger et al. examined the effects of an 8-week dietary induced weight loss on liver enzymes in obese subjects. In women, liver enzymes increased significantly, although mildly; however, this increase was transient (3) . A study by Muller et al. outside the context of weight reduction showed hepatoprotective activity of aqueous extract of shells of pecan nut against ethanol-induced liver damage (27) .
It is strongly recommended to use a well-balanced diet with nutritious foods to manage body weight at all times. There is a qualified health claim stating that regular nut intakes are associated with many health benefits in adults. Besides the low risk of toxicity, nuts are highly nutritious, being a good source of protein, high in antioxidants and full of healthful, unsaturated fatty acids. One of the advisable factors for weight management program is increasing the frequency of nuts consumption. The results of our previous study support the notion that consumption of 50 g/d almonds as a component of hypocaloric diet can acutely beneficially lead to greater weight loss and better improvements in cardiovascular risk factors for three months (18) . Mechanisms underlying the effects of nut consumption on weight loss are unclear, but they are likely related to altered resting energy expenditure, inefficient absorption of energy from nuts or increased satiety due to high content of fiber, protein, unsaturated fats, various phytonutrients and low glycemic index; all of them are dietary factors associated with satiety responses (28) (29) (30) (31) . Almonds contain 21 grams protein per 100 grams, a significant amount of macronutrient associated with increased satiation (32) . Almonds are a significant source of fiber, a component with documented satiating properties (33) and the crunchy textural property of almonds may also promote satiety (32) . During the AED period, intake of omega-3 fatty acids increased, which may be adversely related to liver function (34, 35) . Almonds contain magnesium, vitamin E and selenium. The effects of magnesium (36, 37) , vitamin E and selenium (38) supplementation on the liver function were shown in previous studies.
Strength and Limitations of Study
The present study had several strengths. In previous studies the effect of hypocaloric AED was shown on weight reduction, but the current study performed to assess the effect of hypocaloric AED on liver function tests in overweight/obese women. The high participation rate of individuals in our research (more than 90%) was another advantage of this study.
The current study had several limitations. The first limitation was that liver function was only assessed by measuring liver enzymes and computed tomography scans, magnetic resonance scanning and liver biopsies were not performed. Further studies, considering these measurements are needed. Second, physical activity was not assessed during the intervention. Therefore, changes in physical activity level could have influenced liver enzymes during the dietary-induced weight loss. Third, the duration of this study was short, so it is not clear whether changes in body weight and liver enzyme levels are sustained for long time. Fourth, participants were females; therefore, the findings may not be generalized to males. Finally, only participants who completed hypocaloric AED and NFD were included in the analysis, which may have introduced a potential selection bias.
Conclusions
In conclusion, results of this randomized clinical trial showed that the balanced hypocaloric AED in comparison to the balanced hypocaloric NFD may decrease ALT and AST. During a dietary-induced weight loss i.e. NFD, a modest decrease in ALT and AST can be observed. These results provide further support for the hypothesis that a low-calorie, nut-containing diet could have beneficial effects on liver enzymes in overweight/obese women. These findings could be used by dietitian to design a wellbalanced hypocaloric diet.
